Authors propose to use the genetic algorithm as direct optimization method for optimal control of petroleum well mode in case of single-phase flow. In this work, a conventional finite-difference approximation is used to describe the reservoir. The objective was minimization of residual reservoir energy provided that planned cumulative oil production is satisfied.
; Lnumber of wells;     -two-dimensional Dirac distribution; T -planning period; superscript  corresponds to a parameter value at some reference pressure P . It is assumed that all the functions and parameters of the reservoir and fluid, including well coordinates l x , 1, lL  , are specified. It is necessary to optimize well mode according to the following technological and planning constraints:
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where the second and third terms in (3) are used for regularization of the functional; 12 , 0   -regularization parameters.
Suppose that the BHP and production rates are piecewise constant functions in time:
where m -number of time intervals with constant BHP and rate. The objective (1)- (4) is a parametric problem of optimal control the system with distributed parameters [9] :
of overall dimension Lm . For its numerical solution one can use any finite difference approximation to obtain a finite mathematical programming problem with special equality and inequality constraints [7, 8] .
Method of optimization
Finding the global minimum of (3), where the optimized parameters are (5), is a difficult task in terms of the search space dimension. The use of conventional techniques based on the objective function derivatives is complicated by the high degree of functional nonlinearity with respect to unknown parameters. All this leads to use more effective global optimization methods, so as one of them the genetic algorithm was selected.
We use the augmented Lagrangian genetic algorithm [4, 6] . The method solves the following problem: 
where , : Among constraints (2) of minimizing the (3) one can find simple bounds, which restrict the possible values of identified components of vectors (5)
. The limit on total production in (2), in general, is not linear. The nonlinearity arises from the BHP controlled wells, flow rate of which is determined by reservoir pressure, which, in turn, is a nonlinear function of the operating well modes. Therefore, in terms of (6), we have
Case study
Consider the reservoir, taken from [5] , which is named as A-1. Fig. 1 shows a two-dimensional non-uniform block-centered finite difference grid used for the numerical simulation. There were 5 wells, shown in Fig. 1 . 
Рис. 1. Reservoir A-1 and its finite-difference representation
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It is assumed that the existing wells tap the entire range of reservoir A-1. Information about the possible well modes can be found in Table. 1. The table shows that all wells can operate both as production and as injection well. Switching well from the first to the second operation mode is often practiced in terms of reservoir pressure maintenance. . It is also assumed that there is water flow through the north-western and north-eastern parts of the external boundary. The connection between the reservoir and aquifer is modeled by constant pressure boundary Here, the atmospheric pressure was taken as reference pressure for the porous medium and oil phase, i.e. 100 kPa P . Consider the minimization of (3) with constraints (2) and under conditions (4), where 120 days 
Results and conclusion
Let's analyze the results in Fig. 2 . BHPs of wells W-3 and W-5 were set for 110 days at the lowest possible levels. It is allowed to reach the highest rates of oil production over the period. Then, after 110 days BHPs of these wells switched to the maximum possible value, thereby increasing the pressure in the block with well W-3 and W-5 to the average reservoir pressure.
Managing the rate of the remaining wells occurred according to a slightly different scenario. In all three cases, the flow rate of W-2 for 120 days remained at the lowest possible negative value, that is, this well had to operate the entire planning period in production mode with the maximum possible flow rate value. The reason is that this well had the highest level of BHP almost all the planned period. During the last time interval it was needed to decrease flow rate of W-1, so that its BHP became equal to BHP of W-2 (Fig. 2b) . In turn, the well W-4 virtually was shut (Fig. 2a) . Table 2 shows the values of the terms forming the final optimal value of the functional (3) depending on fluid type. Here, the agreed notations: MSD -mean squared deviation, MSS -mean squared sum. The last column in Table 2 
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The main conclusion that can be drawn from the data in Table 2 is that the taking into account nonlinear effects of slightly-compressible fluid flow can have a significant impact on the optimal well mode.
